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Abstract: We present high-speed photometry and high-resolution spectroscopy of the short-period (Prot = 3.6 h) eclipsing post-common-envelope 
binary QS Virginis (QS Vir). Our UVES spectra span in excess of 6 orbits, over more than a year, and reveal the presence of several large prominences 
passing in front of both the M star and its white dwarf (WD) companion. Despite showing small variations on a time-scale of days, they persist for more 
than a year and may last decades. Roche tomography reveals a heavily spotted M star, with long-lived spots remaining in fixed locations, preferentially 
found on the hemisphere facing the WD. We find the 14,220 ± 350 K WD is relatively massive at 0.782 ± 0.013 M?, with a radius of 
0.01068 ± 0.00007 R?, consistent with evolutionary models. The tidally distorted M star has a mass of 0.382 ± 0.006 M? and a radius of 
0.381 ± 0.003 R?, also consistent with evolutionary models. Since the M star’s radius is still within its Roche lobe and there is no evidence that it is 
overinflated, we conclude that QS Vir is most likely a pre-cataclysmic binary just about to become semidetached. 
QS Vir is the shortest-period binary where starspots have been Doppler-imaged, and the measurement of the WD radius in QS Vir is the most 
precise, direct measurement of a WD radius ever - we have measured the size of an object at nearly 50 pc away to within 50 km.
Figure 1: Trailed spectrogram of the Ca II 3934 Å (left) and Hα 
(right) lines with the main features labelled. The velocities of the two 
stars are indicated by the bright red sinusoids. In blue, we highlight 
three clear absorption features that cross one of both of the stars 
(only two are visible in the Ca II trail). We also highlight three other 
emission components in the Hα trail with dark red lines.
Figure 2: Doppler map of the 
Hα line. The Roche lobes of the 
WD and M star are highlighted 
with a black dashed line and 
solid white line, respectively.  
To highlight the additional 
emission features against the 
strong emission from the 
M star, we have also plotted 
contours. Three emission 
features that do not originate 
from either star are labelled.
Figure 3: Top-down view of the binary indicating the 
location of the large prominence feature in 2013 and 2014 
(orbital phases shown in blue). Dotted lines indicate the 
Roche lobes, a solid line shows the M star radius. The 
arrow indicates the viewing angle to the WD during a  
2002 observation in which prominence material was also 
observed. The WD is marked with a cross and the black 
dots indicate the 5 Lagrange points. The outer solid black 
line indicates the effective ‘co-rotation’ radius of the binary.
Figure 4: Trailed least-
squares-deconvolved 
(LSD) profiles of QS Vir 
using phase-binned data 
from all 6 data sets. A 
mean of the computed 
LSD profiles has been 
subtracted from both the 
observed and computed 
LSD profiles. Starspot 
features appear dark. The 
orbital motion has been 
removed. The fitted map 
is shown in Figure 5.
Figure 5: Roche tomogram of QS Vir. Dark 
grey scales indicate regions of reduced 
absorption line strength that is due to either 
the presence of starspots or the impact of 
irradiation. The orbital phase is indicated 
above each panel. Three heavily spotted 
regions (labelled ‘A’, ‘B’ and ‘C’ here and in 
Figure 4) may well be related to the large 
prominences that pass in front of both stars. 
Since the prominences appear to be stable 
on a time-scale of years, they must still be 
anchored to the surface of the M star by its 
magnetic field. Starspots are likely to form 
near these anchor regions, as is seen in 
solar coronal loops and prominences.
Figure 6: Flux calibrated 
ULTRACAM u’g’r’i’ band light 
curves of the eclipse of the WD, 
with MCMC model fits 
overplotted (black lines). We 
have offset the i’ band light curve 
by −13 mJy to show more detail. 
The bottom four panels show the 
residuals of the fit in the u’ band 
(top panel, blue points), g’ band 
(second panel, green points), r’ 
band (third panel, orange points) 
and the i’ band (bottom panel, 
red points).
Figure 8: Low-mass star 
mass-radius relation. The 
measured values for the 
M star in QS Vir (volume-
averaged radius) are 
shown as red contours (68 
and 95 percentile regions). 
Red and black points show 
measurements of other 
PCEB systems. The solid 
grey line is the theoretical 
mass-radius relation for a 
1 Gyr main-sequence star, 
while the grey dashed line 
is for an active star of the 
same age.
Figure 7: WD mass-radius 
relation. Red contours show 
the 68 and 95% regions for  
the WD. Black points are  
other PCEBs. Theoretical 
mass-radius relationships  
for carbon-oxygen core and 
helium core WDs are shown  
in grey and blue, respectively, 
for hydrogen envelope 
thicknesses of MH/MWD =10-4. 
The inset shows an excellent 
agreement with a WD with a 
thick hydrogen envelope.
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